INTRODUCTION
Despite a growing awareness of the dramatic impact on quality of life and treatment costs 1,2 the occurrence of pressure ulcers (PU) is still an abundant problem among hip fracture patients. Patients with a hip fracture often have a poor nutritional status 3 which is associated with increased risk of complications, morbidity and mortality [4] [5] [6] [7] [8] . Especially protein energy malnutrition (PEM) which is an important determinant of clinical outcome, is seen more often in patients with a hip fracture than in age-matched control subjects 3,8.9 . Carpintero 10 noted higher mortality in men than in women with hip fracture related to nutritional status. Patients with a hip fracture may also have poor food intake in hospital 11 . Adequate nutrition is essential in the care of the hip fracture patients in order to achieve recovery without complications. The aim of this study was to investigate the effects of an improved care intervention in relation to nutritional status and PUs, a care intervention of best practices for patients with hip fracture 12 , not too complicated or expensive, but only using the available resources effectively and efficiently.
METHODS
The study was conducted at the University Hospital in Lund, Sweden. The subjects were 478 patients with a hip fracture consecutively included between April 1 st 2003 and March 31 st 2004. On October 1 2003 a new evidence based clinical pathway was introduced. The transition period for implementing the new pathway was 44 days and the 58 patients from this period are not included here. Comparisons are here made between the 210 first patients in the control group (CG) and the 210 last patients in the intervention group (IG), to reduce confounding factors from the transition period. Six patients in the CG and five patients in the IG had PU at admission, and these PU are excluded from the analyses. Two of the patients in the IG suffered a fracture on the opposite hip during hospitalization due to a new fall which prolonged their hospitalization and these patients were not included anew. Written informed consent was obtained from all lucid patients before entering the study. Not lucid patients were included after permission from there next of kin. The study was approved by the Ethics Committee of the Medical faculty of Lund University (LU 39-03) and has been performed in accordance with the declaration of Helsinki.
At the University hospital patients with a hip fracture are intended to be treated at one of the three orthopaedic wards with totally 64 beds. However due to the bed situation patients with a hip fracture could be treated wherever there was a bed available at the hospital the moment the patients were admitted to the Acute and Emergency (A&E). When a patient was treated at a non-orthopaedic ward the personnel at this ward was supervised by an orthopaedic surgeon. The care personnel were always welcome to phone the orthopaedic wards if they would have any questions about the care of the patient. Patients treated at other departments were in the CG 71, respectively 76 in the IG. Regardless of which type of ward the patients were treated on, the patients in the CG followed the intended clinical pathway used before the intervention and the patient in the IG followed the new evidence based clinical pathway.
Spinal anaesthesia was administrated to 70 % of the patients and general anaesthesia to 30 % of the patients. All patients underwent anticoagulation prophylaxis with low-molecular-weight heparin for approximately 10 days postoperatively.
All patients at risk of developing PU were placed on pressure relief mattresses. For patients with a high risk of developing PU an alternating pressure relief mattress was used.
All patients' demographic data were registered in the Swedish national quality register RIKSHÖFT. All patients undergoing surgery are routinely examined before surgery by an anaesthetist who assesses the patient's physical status using the American Society of Anaesthesiologists classification of physical status (ASA). The ASA grade is included in the RIKSHÖFT registration.
Data collection
Two doctoral students, clinical nurse specialists in orthopaedic (AH) and anaesthesia (KBB), were responsible for the study performance. They included the patients, collected all data and were available 24 hours a day, seven days a week, during the study period.
When a patient with a suspected hip fracture arrived to the A&E she/he was tested within 30 minutes for lucidity with the Short Portable Mental Status Questionnaire (SPMSQ) 13 . To find patients at risk of developing pressure ulcers the Braden scale 14 was used for both groups. The modified Norton scale 15 was in addition used solely for the IG. (Table 1 ). The patients' skin was observed daily from the arrival to hospital until discharge, and followed up with home visits after four and twelve months. During the transition period the personnel were educated in how to use the modified Norton scale and their results were compared with the study nurses as learning assessment
Nutritional assessment
Nutritional assessment for all patients consisted of laboratory testing (Table 2) taken at the A&E, a questionnaire about food consumption and weight changes and anthropometry which was performed five days after surgery. The standard laboratory SS-EN ISO/IEC 17025 was used at the hospital for all biochemical tests. If the patient was unable to answer the questions about food habits, a proxy (a relative or staff from the patient's home) answered if possible. With the patients wearing light clothing body weight was measured in the morning, to the nearest 0,1 kg on a digital wheelchair scale (Umedica BWB 620 ) at the University hospital. Patients transferred before day five to the local hospital were measured on an ordinary wheel-chair scale at that hospital. A portable scale (Philip MP5325) was used at home visits at four and twelve months after surgery. The digital wheelchair scale was regularly checked for accuracy. The portable scale was used to calibrate all scales.
Patients' height was measured in a supine position on a flat bed, as only few patients were able to stand independently. A BMI of < 20 kg/m 2 was considered as underweight if the patient was < 70 year and BMI of < 22 kg/m 2 was considered as underweight if the patient was >70 years [17] [18] [19] . Mid-arm circumference (MAC) was measured with a flexible non-stretch tape on the nondominant upper arm. Posterior on the same arm midway between the acromion and olecranon triceps skin fold thickness (TSF) was measured with a Harpenden calliper. The mean of three readings was used. Comparison of AH's and KBB's anthropometric measurements were regularly checked for reliability. To calculate arm muscle circumference (AMC) the formula AMC =MAC-0,1 (π *TSF) was used. Values of TSF and AMC were considered subnormal if they were equal or below the 10 th percentile in a Swedish reference population 20 .
Intervention
The evidence based pathway in the intervention consisted of: Giving three litres of oxygen/minute preoperatively starting in the ambulance and the first days postoperatively, intravenous supplementation (glucose liquid) starting in the ambulance, intravenous pain relief at the A&E. Routines were changed so that the patients did not have to return to the A&E following x-ray; instead they were transported directly to the orthopaedic ward. The use of pressure relief was emphasised to all staff and alternating pressure mattresses were used more frequently. Furthermore the patients were supposed to be given a higher priority on the surgery waiting list. The patients' saturation level was measured at least twice a day pre-and postoperatively and a special nutritional drink given twice a day postoperatively. This milk-tasting drink with 125kcal/100mlwas enriched with arginine, zinc, vitamins A, B, C and E, and other antioxidants such as selenium and carotenoids to enhance wound healing and control inflammation.
Statistics
Differences between groups were measured using Fisher's Exact test (categorical data) and Student T-test (continuous data). For analyses the Swedish Hip fracture register SAHFE.reg.exe and the Statistical package for the Social Sciences (SPSS, Inc, 444 N Michigan Avenue, Chicago IL, USA) version 14.0 for windows was used. A P-value <0.05 was considered significant.
RESULTS

Patient characteristics
There was no significant differences between the groups with regard to age, sex, lucidity, smoking, ASA-grade, hip fracture type, time to operation, time on operation -table, pre-fracture living conditions, length of stay at hospital or mortality (Table, 3 ). However the co-morbidity was higher in the intervention group. At admission 36% of the patients in the IG had a diagnosis of three or more diseases, versus 20 % (p=0.003) of the patients in the CG.
Biochemical variables
There were no significant differences between the groups with respect to biochemical variables at inclusion. The level of C-reactive protein (CRP), which is an acute face protein produced in response to microbial invasion, tissue injury, immunological reactions and inflammatory reactions were enhanced in more than half of all patients. Among these patients, 14 % had a urinary tract infection. Forty patients (19%) in the CG and 34 patients (16.2%) in the IG had abnormal values in s-albumin as well as s-transthyretin at inclusion indicating risk for malnutrition. On day five patients in the IG had significantly higher sodium value (p=0.005). After four months patients in the CG had a significant higher transthyretin value (p<0.001).
Anthropometrical variables
At baseline a BMI of < 20 kg/m 2 in patients < 70 year and BMI of < 22 kg/m 2 in patients 70 year or older was found in 24,8 % in the CG and 32.9 % in the IG calculated on 197 respectively 194 patients. Patients in the CG had higher AMC (p=0.05), CC (p=0.038) and BMI (p=0.43) values. Also at 12 months follow up the CG had higher BMI (p=0.021) compared with the IG (Table 4 th percentile and AMC < 10 th percentile were found in 12 patients in the CG and in 4 patients in the IG.
No weight loss within the last three months was found in 47.6 % of 210 patients in the CG and in 58.1 % of 208 patients in the IG. It was 27.6 % of the patients in the CG who did not know if they had had a weight loss compared to 32.4 % of the patients in the IG. The number of patients that had lost weight was 14.8 % in the CG and 5.8% in the IG. Weight gain was found in 10 % of the patients in the CG and in 2.9 % in the IG:
Pressure ulcers
In total there was the same amount of pressure ulcers (8) in both groups at admission. The PU was noted on six patients in the CG and on five patients in the IG.. At discharge 13 of 420 patients had developed two pressure ulcers each and one patient had developed three pressure ulcers. At discharge the total amount of pressure ulcers were 50 ulcers on 43 patients in the CG and 28 pressure ulcers on 21 patients in the IG (p=0.009) ( Table 5 ).
The total number of patients with a hospital acquired pressure ulcer was in the CG, 39 patients and in the IG, 19 patients, (p=0.007). Of the patients treated at other departments which was 71 patients in the CG, nine patients (12.7) developed PU compared to eight of the 76 (10.5) in the IG.
Two of the twelve patients in the CG with abnormal anthropometrical tests of BMI, TSF <10 th percentile and AMC < 10 th percentile developed pressure ulcers. One of these patients developed grade I ulcers at sacrum and on a heel, and the other patient developed a grade II ulcer at sacrum. However none of the four patients in the IG were affected. None of the 33 patients who were under 65 years of age developed PUs in either group. Among patients aged 65 to 74 years (53 patients) there were only three (1.4%) respectively 2 (1%) that developed PUs. In patients older than 85 years, 65.5% of all PUs developed. The incidence of pressure ulcers in the intervention group was half of the incidence of same age in the control group.
None of the three patients who were on the operation Patients with SPMSQ score between 0-7 indicating dementia or confusion developed statistical significantly more PUs than lucid patients. In the CG was it 22 out of 81 patients (p=0.017) with SPMSQ score = 7 that developed a PU compared to 12 out of 74 patients (p=0.011) in the IG. However no significant reduction of PUs was noted in the IG among not lucid patients. Of these 36 patient, was it one patient in the CG and one patient in the IG who had signs of undernutrition with abnormal anthropometrical tests of BMI, TSF <10 th percentile and AMC < 10 th percentile concurrent. There were significantly (p<0.001) more patients among not lucid patients with contemporary low levels of s-albumin and s-transthyretin at admission to hospital.
DISCUSSION
Although there is awareness that malnutrition must be recognized, there are no golden standard of a screening system assessing nutritional status and no consensus regarding absolute criteria for malnutrition. In this study we used a sample of biomedical and anthropometric variables together with a questionnaire. Hedströms et al. 21 stated, that patients with a hip fracture in general have a low body mass index (BMI), and low biochemical nutritional markers on admission to hospital, signs that indicate malnutrition which the results of the study presented in this paper confirms.
There were no significant differences between the groups with respect to biochemical variables at inclusion. Low values in s-albumin as well as stransthyretin at inclusion indicating malnutrition were present in 14.8 % of all patients. Low levels of s-transthyretin at inclusion and at four month were found in 19 patients in the CG and in 31 patients in the IG. The low level of s-albumin (half life of 20 days) may be a result of dehydration as a result of poor liquid and food intake. On day five, patients in the IG had significantly higher sodium (p=0.005) which may depend on the intravenous supplementation they received which started already in the ambulance resulting in not dehydrated patients before surgery. We chose to measure BMI, total arm length, MAC, TSF, AMC, CC and knee height on day five to se if there were any significant differences between the groups that would explain the significant differences of developing PUs. BMI assessment was repeated at discharge, at four months and after 12 months. These anthropometric parameters were chosen because they can be measured with a minimum of equipment and time. Not all measurements could be undertaken on all patients because of the patient's condition. We asked the patients if they had gained or loosed weight within the last three months. Since more than one third of the patients have dementia or confusion it was difficult to get a correct answer on questions like this. Still we think that it is important to include patients with dementia which is confirmed by Huusko 22 and Rolland 23 . It was 14.8 % of the patients in the CG respectively 5.8 % of the patients in the IG that stated weight loss. Since weight loss express a process this may be an important indicator of undernutrition. Weight loss is most often caused by reduced food intake. Cognitive impairment is an important risk factor for weight loss and undernutrition 24 since the patients can not meet nutritional needs and therefore are more vulnerable.
BMI is a well adopted tool for detection of malnutrition in elderly individuals but due to kyphoscoliosis, deformities and the difference in individual height loss with ageing the measurements of height may limit BMI 25 . In this study when using low BMI as the only anthropometric measure of nutritional status calculated on 197 respectively 194 patients, 24.8 % of the patients (52) in the CG and 32.9 % of the patients (69) in the IG were undernourished. Combining low levels of BMI with TSF <10 th percentile and AMC < 10 th percentile as indicating malnutrition were present in 12 patients in the CG and in 4 patients in the IG. These differences shows the needs for caution when only using BMI as an indicator of undernutrition.
Additional nutrition has previously been tested. Houwing 6 included 103 patients with a hip fracture in a randomized controlled trial (RCT). The patients received 400 ml daily of a supplement enriched with protein, argine, zinc and oxidants (n=51) or a non caloric water-based placebo supplement (n=52) in between their regular meals. The supplementation of food started directly postoperatively for a period of four weeks or until discharge. The PU development between the RCTgroups was not significantly different but the incidence of PUs stage II showed 9% difference between supplement (18 %) and placebo (28 %).
In our intervention study we used a gluten free milk-tasting drink for the dietary management of pressure ulcers. All patients were offered two drinks every day while hospitalised. Compliance was quite good, however not every one liked the drinks but we were able to persuade all patients to drink at least one a day (200 ml). According to the records ten patients did not drink two drinks a day, nine of them did not develop any PU. In this study the PUs were mostly of grade 2 in the CG and mostly of grade 1 in the IG and there is a significant difference in development of PUs (p=0.007) between the groups. This seems to indicate the importance of the intervention. Patients treated at other departments did not have a significant reduction of PU, which may depend on missed diagnosis of PUs in these patients, both in the CG and the IG. At the orthopaedic department all staff was well trained and understood the importance of diagnosing even PU grade 1.
Patients mostly develop PU of grade I according to Houwing 6 . Reed 26 did a cohort study with 2,771 patients at 47 hospitals and found that 14,7 % developed at least one stage II or greater PU over a two week period. Confusion was a statistically significant risk factor. In this study 155 (36.9 %) patients were not lucid on arrival at the hospital and 34 (22 %) of them developed pressure ulcer compared to 24 out of 265 (9%) lucid patients. We believed that these findings could be explained by the longer waiting time for surgery in the group of not lucid patient. But we could not find any significant explanation regarding waiting time. Patients classified as lucid on arrival waited for an average of 26.9 hours to come to the surgery compared to 26.8 hours in the group of not lucid patients. However more of them had signs of undernutrition at admission to hospital. They might also rest differently on the bed with less awareness of the importance of small changes of position.
Risk factors of PU development in patients undergoing surgery have been identified by a multiple stepwise regression analyses by Lindgren et al. 27 . One risk factor in their 286 patients was a high score in the sickness classification according to American Society of Anesthesiologists (ASA). In this study ASA classification showed no significant difference between the groups. However the co-morbidity was significantly higher in the IG. This was not due to better recording of the patients in the IG since all patients demographic data were registered in the Swedish national quality register RIKSHÖFT and furthermore all medical journals were checked to assure this. In the CG 60.5 % of the patients were classified as ASA class I or II compared to 54.3 % in the IG. No patient with ASA classification 1 (healthy) developed a PU. It was 38 patients in ASA classification 3 and 4 who developed pressure ulcers.
According to Houwing 28 risk factors for developing PUs in patients with a hip fracture are high age and increased length of time on the operating table. In this study high age was a risk factor but not prolonged stay at the operating table.
That may be explained by good pressure relief mattresses on the operating table introduced several years ago.
It is well known that malnutrition is associated with an increased risk of complications in patients with a hip fracture 7, 8, 28 and intervention trials have reported positive effects of lean body mass, ADL and health related quality of life 29 and long term complications 30 . Malnutrition is still a challenge for health care, since evidence based practise has not yet been implemented and more research is needed to find efficient and easy ways to optimize nutritional status pre-and post operatively in patients with hip fractures.
The result in this study indicates the importance of the new clinical pathway introduced, as the number of patients who have developed pressure ulcers during their stay in hospital has been reduced by 50 % even though more patients in the IG had signs of under nutrition at admission.
Limitations of the study
This study has limitations. First we did not design the study as a randomized controlled study which is accepted as being the most reliable method for assessing effectiveness. We selected a quasi experimental design for two reasons. The first reason was that the intervention started already in the ambulance and since five different ambulance stations were involved, we couldn't assure that patients were randomized and cared for in a proper way. The second reason was that even if we had tested the intervention at only a few of the ambulance stations, we would have created a large problem at the University hospital due to the bed situation. There is a great risk of confounding if the staff should give different treatment to a patient group with the same diagnoses which could hazard the results. Furthermore even if the barriers presented had not been there, the ethical issue of not treating patients with the best practice was an important reason not to randomize. Grade II Partial thickness skin loss involving epidermis, dermis or both. The ulcer is superficial and presents clinically as an abrasion or blister.
Grade III Full thickness skin loss involving damage to or necrosis of subcutaneous tissue that may extend down to, but not trough underlying fascia.
Grade IV Extensive destruction, tissue necrosis, or damage to muscle, bone or supporting structures with or without full thickness skin loss. Table 5 . The total number of pressure ulcers, their location and patients with pressure ulcers at admission, at discharge and hospital acquired
